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RESEARCH MEMORANDUM

FORCE AND FPRESSURE MEASUREMENTS ON SEVERAL
CANOPY-FUSELAGE CONFIGURATTONS AT
MACH NUMBERS 1.41 AND 2.01

By A. Warner Robins
SUMMARY

An investigation has been conducted in the Langley L- by L4-foot
supersonic pressure tunnel on canopy pressures and canopy-fuselage forces
and moments under conditions of combined pitich and sideslip. The canopy
configurations tested varied in windshield shape (flat, vee-, and round),
location on the fuselage, and fineness ratlo. All configurations were

tested at Mach numbers of 1.41 and 2.01 at Reynolds numbers of 1.7k X 106
and 1.hk x 106, respectively, based on fuselage major diameter.

Drags of the canopy-fuselage combinations varied from lowest for the
flat-windshield configuration to highest for the vee-windshield configu-
ration. For comparable canoples, the configuratlons with the forward
canopy location produced less drag than those with the rearward-located
canopies, regardless of windshield shape. The effects on drag of wind-
shield shape and canopy locatlion were diminished with inecrease in Mach
number from 1.4l to 2.01.

INTRODUCTTION

Because of the high air loads and iemperatures associated with super-
sonic flight, the best compromise of aerodynamic, structural, and visibil-
ity requirements in the design of canopies for military aireraft is ecriti-
cally dependent on the accuracy wlth which loads and aerodynamic
characteristics can te predicted. Since practical methods for the
calculation of pressure distributions and forces on such arbitrary shapes
are limited, experimental data are required. A few papers showing experi-
mental results are at present available, among them references 1 and 2
which deal with pressure distributions of itwo rather specialized canopy
configurations at supersonic speeds. Reference 3 is concerned with
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transonic and supersonic drag comparisons of forward and rearward locations
of a canopy on a finned test vehicle. A free-flight drag investigation of
windshield-shape effects at transonic snd low supersonic speeds is reported
in reference 4. Reference 5 deals withn the location of a canopy in order
-0 improve the longitudinsl development of cross-sectional area for a wing-
fuselage combination at transonic speeds.

The present investigation is part of a program of the National
Advisory Comittee for Aeronautics to determine some of the effects at
Transonic and supersonic speeds of windshield shape, canopy location, fine-
ness ratio, pitch, sideslip, and Mach number on the aerodynamlec character-
istics of several cancpy-fuselage coniigurations ané on the pressure dis-
trioutions oxn the canopies. Reference 6 reports the force and moment
characterlstics at transonic speeds of some of the configurations of the
present investigation. The present tests were made of models with flat,
vee-, and round windshield canopies in forward and rearward locations on
vhe fuselage. The fineness ratios o the various canoples were spproxi-
mately 7.0, 0.0, and 12.C (paseé on tihe ratio of the diameter of an
equivalent tody of revo_ution to the length of the canopy in the plane of
syrmetry). All configurations were itested at Mach numbers of 1.4l and

2.01 at Reynolds aumbers of 1.7k X 106 and .44 X 106, respectively, vased
cn fuselage major diameter. Two canopy-fuselage configurations and the
fuselage a’one were tested for angles of attack from -6° to 12°, and all
configurations were tested at 09, -LO, and -8° sidesliy at both 0.4° and
6.50 angle of attack. In all tests, Loundary-layer transition was fixed
1/2 inch tenind the fuselage nose point by means of a roughness strip.

SYMBOLS
M free-siream Mach nuzber
q free-strear dynamic pressure

free-strean static pressure.

“o
§o) local pressure

ppt B
P pressure coefficient,

qa

a ang.e cf attacz, deg
B engle of sideslip, deg
X ¢istance from foremost point of canopy in plane of symretry in

an axial direction
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Xp distance from fuselage nose point in an axial direction

1 canopy-profile length in an axial direction

iy fuselage length

¢ lateral angle measured from plane of symretry (see tables X, XTI,

XVII, and XVITI

Ay area of base of model
Aoy maximum cross-secilonzl area of canopy or of a body of
revolution
Cn normal-forece coefficient, 2
QAp
Ce axigl-force coefficient, =
Uy
Cy lateral -force coefficient, X
Ay
Cnm pitching-moment coefficient, M
Wy lp
Cn yawing-moment coefficient,
Uiy ly
Cy rolling-moment coefficient, L
q_Ab Zb
Cpa drag coefficient, Dr
1 q_A_.b
Cp drag coefficient, D
qhy
ACy incremental drag coefficient, DL
afy
C drag coefficient D
Da g s T
. . - D - Dp
ALy incremental drag coefficient, —————

A Wmax
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X force along body axis, positive when rearward

Y force along lateral axis, positive when starbvoard

Z force normal to XY-plane, positive when upward

Dr force on fuselage alone in streamwise direction, positive

when rearward

D force in streamwise direction, positive when rearward

M* moment about Y-axis, positive when tending to 1ift nose

N moment about Z-axis, positive when tending to produce a right
turn

L moment about X-axis, positive when tending to produce a right
bank

K longitudinal location of maximun cross-sectional area,

percent of length

P.L. designation of canopy-fuselage parting line

MODELS AND INSTRUMENTATION

Basic Model and Canopies

The canopy shapes were tested on a drooped-nose-fuselage forebody
having an elliptic cross section. Drawings and dimensions of this body,
and the base plug which was used to minimize base-pressure corrections,
are shovn in figures 1 and 2. Thne various canopy configurations are
described in figures 1 to 5. A family of six canopies of zpproximately
the same size, fineness ratio (7.0), and profile was tested. Canopies
with flat, vee-, and round windshields were tested at two longitudinal
locations on the fuselage. Two smaller flat-windshield canopies of lower
windshield slope having fineness ratios of about 10.0 and 12.0 were
tested in forward and rearward locations, respectively, on the fuselage.
These configurations, wnich are described in figures 4 and 5 approximate
existing supersonic designs. Photographs of gll the models are presented
in figure 6.
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Instrumentation

The forces and moments on the models were measured by means of a
six-component strain-gage balance mounted within the fuselage. Moments
were measured about a point on the model axis 14.81 inches from the nose.

Pressure instrumentation was provided in each model. The pressure
orifices, which were encircled with ink prior to being photographed, may
be seen in figure 6. This instrumentation was provided on only one side
of the plane of symmetry so that both positive and negative sideslip
angles were tested in order to determine the pressures on both the
upstream snd the downstream sides of the model for a given sideslip angle.
The locations of the orifices for each model may be determined from
tables X to XVIIT.

Small prisms were mounted on the surface of the fuselage so that
either angle of attack or angle of sideslip might be measured by a
spectrometer head.

TESTS

Test Conditions

MECh NUIBETS « o = « « o o o o o o o o o o o o o« o o « « 141 and 2.01

Reynolds number per foot at M = 1.41 . « + + « o o . . . .18 x 106
Reynolds number per foot at M = 2.0L . + ¢ v« « ¢ « « « . 3.46 x 100
Stagnation pressure, atm . . « . « ¢« . ¢ & ¢ 0 o ¢ 4 . . 0.95
Stagnation temperature, OF . . . « ¢ ¢« 4 o 4 4 o 4 o - . 100

Corrections and Accuracy

Although force and moment data were taken at both positive and nega-
tive sideslip angles, the subsequent tabulations and plots show only one
value for forces and moments and, essentially, only negative sideslip
angles. Both sets of values, however, have been used; the data for all
positive sideslip angles greater than 0.3° have been folded and averaged
with data for negative angles.

Where angles of attack or sideslip could not be measured optically,
the calibrated deflections of the balance under load were applied to the
no-wind calibration of the angle mechanism so that the estimated angle
accuracy was within t0.15°.

Base-pressure measurements were made and axial-force date were
corrected to correspond to a base pressure equal to free-stream static
pressure.
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The Torce and moment cocefficients are believed to Le correct within
the feollowing Zimits:

CIf » = « » * = = = « & o« =+« & 4 e e e s e 4w 4 e e . . . .. T0.0080
Ce v o+ & v e e e e e e e e e e e e e e e e e e e . . . T0.0040
Chl « = « = & « o & + & & o 4 o e e e e e e e e e e ... .. F0.0020
Cp v v e e e e e e e e e e e e e e e e e e e e e e e e .. . T0.0015
Cppoe o ¢ o @ o o & v o 4 4 4 e e e e e e e e e e e e e« . . TO.0040
CY & o e v e e e e e e e e e e e e e e e e e e e e e e e . . F0.0095
CD » = + o = + & & « & o e 4 e 4 4 4 e e e e e e e e . e . . . T0.0040

RESULTS AND DISCUSSION

Force and Moment Data

The six force and moment coefficients tased on the beody-axis system
vlus tne dreg coefficient based on the wind axis are tabtulated and
presented in tabies I to IX for all model configurations. Because of the
large amount of data and hbecause drag considerations appear of greatest
general interest, incremental drag coefficients (difference between the
drag coefficients for the body azlone and those for a canopy-fuselage
comtination) are the only force data discussed.

Figure 7 shows incremental drag coefficients plotted against sideslip
angle for all canopy-fuselage configurations at various Mach numbers and
angles of attack. Drags of the configurations with the three windshield
shapes varied from the lowest for the flat-windshield configurations to
the hignest for the vee-windshield configurations except for the configu-
rations with the forward-located canopies et M = 2.01 where the differ-
ences were avout the same as the estimated possible inaccuracies of the
data. TFor example, at M = 1.41 and o = 0.4° for the forward-located
canopy, the incremental drag coefficient for the flat-windshield canopy
was atout 75 percent of that for the vee-windshield canopy. For the large
canopies, the configurations with the forward-located canopies produced
less drag than those with the rearward-located canopies, regardless of
windshkield shape. The effects of toth windshield shape and canopy loca-
tion were less at M = 2.01 +than at M = 1.h1,

For the smsll cenopies, the effects of location are not readily
apparent in figure 7 because of &differences in fineness ratio and size.
In order to obtain an indication of the effects of position and fineness
ratio for the flat-windshield caropies, incremental drag coefficients for
zerc angle cf attack and sideslip were based on the maximum cross-sectional
areas of the canories thengelves and are given in the following table:
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Flat-windshield canopy ACDA at -
Size Location Fineness fmaxs | Mo1a1 | M=2.00
ratio sq in.
Large Forward 6.91 2.59 0.360 0.436
Small Forward 10.0L 1.4k9 237 .312
Large Rearweard T7.06 2.46 .535 543
Small Rearwvard 12.06 1.03% .351 .381

It is epperent from this table that the forward location was also the
more favoravle for the small canopies. eference 3 whnich presenis
transonic and supersonic dreg comparisons of forward and rearward loca-
tions of a canopy on a finned test vehicle indicates that in the low
supersonic range a rearward canopy location procduces less drag. This
1s in contrast to the indicetions of the present investigation.

The M = 1.4]1 values from the preceding table have been plotted
for 211 the flat-windshield configurations in figure 8 which alsc shows
from reference 7 some M = 1.40 drag values For bodies of revolution
having various locations of maximum eross-sectional area and various
fineness ratios. It should be noted that the data from reference T are
concerned with drags of bodies alone; whereas, the present data relating
to canopies include mutual interference effects. Figure 8 seems to
indicate that interierence effects for the forwerd-located canopies were
small compared to Interference effects for the rearward location. Fig-
tre 8 also appears to show that the drag differential bLetween the large
and small canopy configurations is principzally a fineness-ratio effect.
The location of maximum cross-sectional area (K in fig. 8), which would
in most cases te closely related to windshield slope, would be governed
largely vy visibility requirements. It would gppear that an efficient
cancpy shape on a canopy-fuselage combination would require a low wind-
shield slope and a fineness ratio of 10 or more.

Pressure Data

A1l pressure ccefficient data for each configuraiion are presented
in tables X to XVIII from which piots of pressure coefficient may ke
readily made along longitudinal meridians or radially about z particular
stetion. Plots of these coefficients along longitudinal meridisns (see
tevles X, XI, XVII, and XVIII for description) are presented agsinst
axial location for various angles of attack and sideslip and for Mach
nunters of 1.41 and 2.01 in figures 9 to 17.
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Figure 9, 10, 11, and 12 show the pressure-coefficient distribu-
tions for the large canopies at Mach numbers of 1.4l and 2.0l and indi-
cate that pressure distributions over the aft portions of the canopies
were generally not significantly influenced by windshield shape. Local
peak suctions were generaslly highest for the vee-windshield configura-
tions although the large flat-windshield configurations began to show
appreciable peaks as sideslip angle increased.

Figures 13 and 14 show pressure-coefficient distribution for the
small canopies and for the fuselage alone. These, in addition to fig-
ures 9 to 12, show thet suction peaks in pressure-ccefficient distribu-
tions at M = 2.01 are generally smaller than those at M = 1l.41,
although the character of the remainder of these distribtuions at low
sideslip angles, especially for positive coefficients, remained much
the same. Figures 15, 16, and 17 show the effects of angle of attack on
pressure-coefficient distributions for a forward-located round-windshield
canopy, a rearward-located round-windshield canopy, and the fuselage
alone, respectively. The variation of pressure coefficients over this
range of angle of attack (-6.0° to 12.0°) appears to be systematic for
these configurations.

Force and Pressure Correlation

A comparison of force and pressure-measurement results was made
where there existed identical conditions of pitch and sideslip near zero
angle of attack for both force and pressure data. Measured fuselage-
alone axial-force data were diminished by the axial forces integrated
from the limited pressure data on the fuselage within the area which
would be covered vy the canopies. The axial forces from pressures on
the canopies were added to these corrected fuselage axial forces so
that integrated configuration drags for the canopy-fuselage combinetions
resulted. These integrated values are compared with drag coefficients
from force measurements in the following table:

Drag coefficient, Cp

Canopy configuration M=1.41 M= 2.01
Measured | Integrated | Measured | Integrated

Targe forward flat 0.1695 0.1719 0.1900 0.1813%
ILarge forward vee- .1879 .1883 1971 .1900
Large forward round .1781 _—— .1954 .1800
Large rearward flat 1927 772 2034 .1831
Large rearward vee- .2178 .1893 .2160 .1933
Large rearward round .1982 .1802 2087 _——
Small forward flat .1328 L1417 1475 ok
Small rearward flat 1342 .1289 L2420 .1365
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The appreciable difference hetween measured and calculated forces for
most of the rearward-located canopies gives credence to the supposition
of larger fuselage interference effects for these rearward locations in
the previous discussion of force data. In the tabulation both force and
pressure-measurement results indicate that the flat-windshield canopy
configurations produced less drag than the vee-configurations. The

lower chord force for the flat-windshield canopy is assocciated with the
expansions around the edges of the windshield resulting in lower pres-
sures over the remaining two-thirds (approximamely) of the canopy frontal
projection. This effect is seen in flgures 18, 19, and 20 which show
pressure contours on half the frontal projections of the forward-located
large canopies, the rearward-locaied large canopies, znd on the small
canopies, respectively. In contrast to those for the flat canopies, it

ig indicated by the vee-cancopy contours that the expansion arcund the
edges of the vee-windshield hes little effect on forces in an axial direc-
tion. In reference Ut the drag increments for the flat-windshield canopies
of comparable windshield-profile slopes were higher than for the vee-
windshield canopies, in contrast to present results; however, the frontal-
areas of the flat windshields of reference 4 contributed nearly all of the
total canopy frontal-area so that expansions around the windshield edges
could not produce reductions in canopy drags.

CONCLUSIONS

Force and pressure measurements have been made on several canopy-
fuselage configurations which varied in windshield shape (flat, vee-, and
round), canopy location on the fuselage, and fineness ratio. A1l configu-
rations were tested in pitch and sideslip at Mach numbers of 1.1 and 2.01

for values of Reynolds number based on fuselage mejor diameter of 1.74 X 106

and 1.4 x 106, respectively. The results of the tests on these configura-
tions indicate the following conclusions:

1. For canopies which varied only in windshield shape, dregs were
lowest for the flst-windshield configuration and highest for the vee-
configuration.

2. For compareble canopies, the configuretions with the forward can-
opy locations produced less drag than those with the rearward-located
canopies, regardless of windshield shape.
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3. Both the effect of windshield shape and of canopy location were
diminisked with the increasing of Mach number from 1.41 tc 2.01.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

lLangley Field, Va., August 11, 1555.
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TABIE II.- FORCE AND MOMENT COEFFICIENTS FOR CONFIGURATION WITH

FORWARD-LOCATED FLAT-WINDSIIELD CANOPY

c

C

u asdeg Pydeg Oy e m /] n Y D
1. '-11 Oe ,-l 0 =eCOT7 01696 = 0072 «0001 «0011 «0073 01695
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10&1 Ooh -8 =o0013 017,47 =e0078 =40011 olhﬂe 05085 02,438
L1 6.5 0 2198 L1617  LOL13  L000) w,00L0 L0062 1855
) Wh ] 645 =l 02160  L16U5  JOLOT =e0025 L0661 4277k 42068
1. 6.5 -8 2198 L1722 LOW69 =oCOLL L1263 L6LSL L2839
Lla 645 0 2173 L1625 L0ldlh 0001 ~,0005 L0032 L1861
2 ° 01 0 o h 0 -003 71‘ .1%3 -.0258 .0000 -00010 -.0063 .1%0
2 001 ooll - ,4 "oo,-l06 019,4-5 "00271 00009 00689 0251114 02115
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2,01 0okt 0 =oCL37 01931 «0260 40000 w0015 =,0088 1928
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2 001 6.5 0 ° 2596 .176h .0119 .0001 -00038 -00127 ° 20,47
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TABIE ITII.- FORCE AND MOMENT COEFFICIENTS FOR CONFIGURATION WITH

FORWARD-LOCATED VEE-WINDSHIELD CANOPY

M a,deg p,deg Cy o n Cy n Y D
10 bl oo h 0 "0017 9 01880 -00096 00001 .0022 .0073 01879
10 '41 0 o!l - '-l -0015,4 -1965 "'.0092 00003 .0703 92293 02119
1.41 Ok =8 -0499 1954 ~-.0051 L0011 L1i3h L5045 o263k
1, ,Jl O. !-l 0 0179 01901 =,0093 <0001 00005 00051 01900
L.l 6.5 ¢ 2148 L1776 L0397 L0001 0031 ,0083 42008
1oh1 6.5 - h 021’48 01823 00’41)4 -000)49 006)46 02873 02250
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2,01 605 o 02561  J1T97 0099 L0001 =,0050 =,0228 L2075
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TABLE IV.- FORCE AND MOMENT COEFFICIENTS FOR CONFIGURATION WITH

FORWARD-LOCAT®ED ROUND-WINDSHIELD CANOFY

15

M a,deg B,deg Cy Cc Cn C; n Y D
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2001 Ooh o) "ooh37 01957 -002119 -.00‘31 -.OOhh -00038 019511
2,01 6.5 0 #2531 L1766  J012L «0001 «=,0063 =,9132 20}
2,01 6.5 =Lk 02640  J1791 L0105 =,0041 L0603 <3385 42310
2,01 6.5 -8 e2406 1850 0112 =,0060 L1107 o7h59 3128
2,01 645 o 02593 1775 <0125 0001 = 0064 =015k .2057
2,01 0 0.3 =0593 01952 =0257 =40002 w0100 w0216 L1953
2,01 3.0 0e3 o078l 1856 =,00I5 0000 =.0126 =,0317 1896
2,01 6.9 063 02281 L1770 JO0118 L0007 =01h3 043 2001
2,01 9,9 Ce3 o125 (1706  L021H  J00086 =0LLl =,0672 .2334
2,01 12,0 03 o6LOS (1625 L0219 L0006 =a01l1D «,1015 L2926
2 001 '3 oo 003 -01937 02055 -.01;75 -.0001 -.0068 -.01!10 ozlsh
2.01 =540 O3 =03343 42187 =0705 (0001 =,0037 =,0075 o2525
2.01 0 0.3 '-‘0593 019)1? -.0257 -:0002 -eOlQO -.0229 019’-33




TABLE V.- FORCE AND MOMENT COEFFICIENTS FOR CONFIGURATION WITH

REARWARD-LOCATED FLAT-WINDSEIELD CANOPY

M a,deg B,deg CN Cc Cm Cl Cn CY CD
L. Oolt 0 w0077 1928 =,0137 L0000 L0010 L0115 L1927
1.1 Oi -k o006l 42023 =014k 0021 L0760 2448  ,2189
1.kl Ok -8 «0307 42027 «,0142 L006L4 41450 L5459 2765
U1 0.l 0 0077 41953 =40136 L0000 L0010 L0104 L1952
lohl 605 o 021125 018’42 .02h3 00001 "00075 "00010 02105
1.1 6.5 -} o2349 1851 L0250 =,0036 L0627 L3232 ,2326
1.a 6,5 -8 o223 L1846 L0272 =, 0042 L1160 L7126 03058
2,01 0ok 0 =037 #2037 =00366 0001 L000) =,0063 2034
2,01 Ok Lk w0343 02065 =0391 002l L0646 2900 L2260
2.01 00’4 - 8 -00763 021]5 "00)412 .ooﬂl- 01170 06691 03021
2 001 Ooh 0 —.03 Th .2027 -.0368 -.0002 -90003 000088 .2022}
2.01 605 0 02716 01857 -.0103 '0000)4 "-0025 -00127 02153
2 001 605 - h 02700 01870 "'00099 "0‘-”18 ooh56 03 755 [ 2)420
2.01 6.5 - B 022h8 01891 -oooh9 -oom7 03817 08279 03265
2.01 6.5 0 02778  o1858 =o0103 =000l =¢0023 =,0127 2161

9T

CSHGCT WY VOVN



TABLE VI.- FORCE AND MOMENT COEFFICIENTS FOR CONFIGURATION WITH

REARWARD-LOCATED VEE-WINDSHIELD CANOPY

M a,deg P,deg GN c o cm cz Cn (.‘-Y GD
L. Ock 0 =0179 42179 =012 L0002 L0010 L0083 L2178
L1 0.k -4 =s016T 42210 «o013h L0020 LO73h 42503 2378
1. 0. -8 «0U6L 2141 =011l L0068 L1U00 L5736 L2916
1 [ hl 0 [ ] h 0 -.015h ® 2179 -.0121 .0002 .0011 .0083 .2178
1.1 645 0 2429 L1985 L0236 L0002 =,0028 L009h o2247
10!'1 605 —h ozhhz o20].6 00238 om33 00572 03362 02509
L1 6.5. -8 02097 L2013 0284 L0028 L1053 L7659 3282
141 6.5 0 o255 1960 L0236 000h ~,0049 L0000 L2225
2,01 0.4 0 0469 2163 =,0350 L0001 L0001 «,0050 (2160
2.01 Ooh - h -.0h38 021,4-5 -0036,4 00012 .0629 .2929 023,41
2,01 0.4 -8 ~0782 L2188 =,0373 L0034 L116L L6725 43098
2,01 0.4 0 =0U06 2182 =,0350 L0001 «,0001 =,0026 2179
2 .01 6.5 0 .272h .19)]8 -90093 -90001 -.0011 .mm .221'1'
2,01 6s5 -k 02693  J196h =,0098 «,0009 LOhL2 L3785 42515
2.01 645 0 02755 41919 «@0093 «=,000). =,0017 =,0039 ,2219
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156 NACA RM L55H23%
TABLE VII.- FORCEZ AND MCMENT COEFFICIENTS FOR CONFIGURATION WITH
REARWARD-LOCATED ROUND-WINDSHIELD CANOPY
u asdeg B,deg Cpe c, c_ c; C, Cy cy

l.l1 Ouly 0 =01T79 1933 =,0109 =,0001 =001k L0062 ,1982
lohl ooh - 8 —.0359 020)43 -.911)4 .0055 01397 05503 02787
1. Oy o -,0153 1973 =0110 «,0001 «,0015 L0062 «1972
10'.‘1 6.5 0 .2380 01870 00271 -;0001 -.0050 00083 .212?
l.la 6.5 -U 02418 41896 L0271 =004l L0603 03217 2377
1.h1 6.5 -8 02277 «1901 00288 -.0057 «1111 .69’-&6 03093
1. 0 0.3 =a0332 (1975 =e01l02 «,0003 =,0105 =0177 1976
l.41 340 0e3 00BTO  o1917 4O10h4 0000 =0015 =,0218 .1961
1. ,-I»l 600 003 ® 21,#9 .1863 00268 0003 -00116 -.0280 ° 2079
1.2 9.0 O3 «3633 «1810 <0385 00086 =, 0111 «,038L 2358
1.4 12,9 0e3 oS5T7 1700 (0418 L0009 =,0099
1.1 =30 Ce3 =a1509 41993 =e0319 =¢0006 =,0092 =,0156 L2070
1. b4 Oe3 -e2635 02007 «40537 =¢0006 =007 =0145 2272
1.1 0 0e3 =s0332 (1975 =010l =,0003 =,0105 =,0177 ,1976
2 .01 0. -14 0 -¢°h69 02090 -0033}4 -.000’4 -.OOIJ.O "0003 9 o 2087
2,01 Ot =4 =s0U69 42103 =,0357 L0021 L0635 .2898 ,2297
2,01 ooh -8 "00766 021,48 -003714 -00611 ouhz 06669 0305.1
2,01 645 0 «272 L1898 =e0069 =,0002 =,0132 =.0203 L2194
2,01 6.5 ~L 02662 1896 =,0066 ~,0024 L0455 3683 L2437
2.01 605 - 8 .2301 .1928 -.0021 -.0019 00802 08077 .3279
2.01 0 OD 3 -00596 02076 "003‘41 -.0005 -00068 -oozoh o 2077
2 001 300 003 ooeh'? [ 1996 '00183 -00003 'om79 "'.00293 02039
2.0 640 0e2 o2415 (188l =e006l =40002 «=,0083 0420 L2128
2,01 940 Oe3 «1078 «184L3 0015 «=,0001 =007k «0585 02h63
2,01 12,0 0e3 «6055 1830 L0072 «,0001 =,00456 =,0815 L3053
2,01 =3.0 0o3 =e1977 o231kl =,0523 =,0004 =,0051 =0l L2245
2401 =640 03  «o3hB3 42258 =,0719 =,0003 =,003) =,0089 2610
2 001 0 003 ‘00565 020)-17 -003 ho -ooooh -00068 -00201& .201‘8




TABLE VIII.- FORCE AND MOMENT COEFFICIENTS FOR CONFIGURATION WITH

FORWARD-ILOCATED SMALL FLAT-WINDSHIELD CANOPY

M a,deg B,deg Cy Ce Cn G Ca CY cD
1.kl Ooly 0 «s0077  W1329 «0168 =,0001 ,0005 L0115 L1328
1.1 Ok =4 0051 L1338 =.0173 =e0009 0588 42217 1489
1.1 Ooly =8 w0321  ,1305 «40169 40011 1151 oLU772 1954
Lia Ooly 0 w0077 1321 =,0170 =,0001 L0004 0104 L1320
Lol 645 0 02202 L1347 L0299 L0002 0051 L0021 .1588
1.l 665 -l 22151 L1307 L0312 =,0058 L0557 42426 L1708
1.1 6.5 —8 207k L1226 L0354 =aD107 1065 5460 L2199
Lol 605 0 02228 L1332 L0299 L0002 0049 L0011 L1576
2,01 Ouls 0 we0312 1477 =,0285 =p0001 =002 =,0089 L1475
2,01 Ok =l =034l o162 =q0295 =,0007 4O549 42506 L1631
2,01 Oi -8 w0579 L1475 =40315 0012 L1087 o5653 .224}4
2,01 Q. 0 0312 L1487 =,0235 0001 =¢0023 =,0102 L1hi85
2,01 645 0 20U1 L1394 L0109 L0000 =,0047 =,0127 L1661
2,01 65 =N 2488 L1LUO6 L0105 =,0052 LO0L498  .2870 o191k
2,01 65 8 2410 L1453 L009h ~,0093 L,093h L6619 L2621
2 .Dl 6.5 0 .2&72 .1,120 .0109 00001 -000,47 -.01"0 °1691
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TABLE IX.- FORCE AND MOMENT COEFFICIENTS FOR CONFIGURATION WITH

REARWARD-LOCATED SMALL FLAT-WINDSHIELD CANOPY

Oc

M a,deg Bydeg Cx Ce Co Cy C, CI C,
1.0t 0ok 0 «e0025 1342 «,0227 «,0001 L001h L0041 L1342
1. Ok - 0039  J1361 =,0229 =,0003 L0577 42220 L1512
1.l Os -8 «00231 1394 =40213 =,0001 L1119 L9lk L2063
1. lll 0 [ h 0 -50025 .13 26 -.02 26 .0000 .0013 .001.11 .13 26
L.l 645 0 02227  G1259 020l =40002 «,0023 L0073 L1503
1.1 65 4 02253 L1237 0215 w=,0055 L0522 L2482 L1654
1.k 6.5 -8 02099 1207 L0254 =,0096 0998 5622 ,2206
lohl 605 0 o2252 -1251 0020,4 "00001 "'90023 00073 01h98
2,01 Ook 0 we0282 1422 = 0342 =,0001 =,0004 =,0076 1420
2,01 %4 -4 =o0282 L1427 «o0351 0005 0525 4260k L1603
2.01 Ools -8 D517  Jlhbh «,0371 0001 0964 L580L L,2254
2,01 0ol 0 0219  ¢1LOL wo03L2 =o0001L 0005 =40102 1459
2,01 65 0 02531  G1291 001k =a0001 =,0022 =,0076 1569
2.01 6¢5 -4 o259h L1296 L0006 LOO4B  LQL20 L2966 1784
2.01 6.5 —B .2359 0130'-1- OQOQJ- '00075 00729 0691h 02510
2 .01 6. ; 0 .2562 . 12 91 .0012 .0000 -y 0323 .00101 .1 573
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TAZIR XX.- FESSSUFE CCEFFIC ENTS FOR CCNFIGURATION WITE FOPWARD-LOCATED FLAT-WINDSHEIELD CANCPY
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TAsE XT - PRECURS CORFFICIINTS FOR DURFITURATION WITE FORVAID-LOCATED FLAT-WINDSEIEZD CAMOPY - ContScued

NACA RM L55H23

(a} M=i41
=/ 21000 901 00k 006 LOL7  JCus 952 Llok W5 L2338 20 L2600 L1 IS5 AWD L6000 L3280 9
Fudeg
a=04°;8=-8"
Pele PheL] b6 IW OA5 «270 o otk w25l =30
51 T8 T2 Jas o385 993
& =018 ooy 2k
» &5 o6 662 W52 «26L —O11 =006
% b5 52 o 236 =903 =0Th ~hZ I8
1 «£o%
7 o5
3 o515 o296 OTL =B =2k =310 =23 ~088
° 827 «£07 23k ~225 -~3% 020
-3 o512 «203 =085 =adST =300 =5 =296 =10k
-7 a
-0 25
=15 352 =23 =9 IS =L =ILL «253 07
-0 o0 [T ERT. G ~us —2P 1%
e 23 1% =37
-1 <57 a3 02 =28 U
E L &57 059 T3 00 %35 —1h7 U7 =0T =l
a=65°";8=0°
rIe 66 26 R a0 208 06 =Gk =122 -0 W07
s B3 7 EL T =93k
" o2 a7 oo 222
0 683 b66 368 L78 o8k =1 =1ky
] SOz 2 2 0} w6l =213 ~206 =053
1 o7
? o2l
3 5 s 32T =227 =236 =108 -0
o - ey <197 -2k =088 ="52 00T
a=65°,8=-4°
X 510 S0 233 28 277 A2 022 0Tk -0 003
b/ i ] o512 «285  J259 «22
5 667 25 027 =01k
2 487 Sk WML W358 Jass ~099 =20k
0] da 6 W20 S92 17 =Ty 200 ~120
10 27
7 a3
3 20 62 O =23 ~HT =36 ~18
] «£%0 <48 a5 -213 =316 =038 003
-3 3 a0 ~lfL 295 =26 =27 one
-7 o2h2
«10 «297
4 3 05 005 ~l1] =216 =212 -7 =026
-2 868 3N 225 as 06 ~7% -2
-~ 619 «050 ~02 258
-57% 31 o33 o2z J080 =083
-2l o313 J76 0770 DR (000 =0f3 = IEYW ~4076 —01
2=6.5°;8 =-8°
Pale &35 k20 a2 a2 258 A6 005 =0T =108 =0k
5T§ £25 o592 378 sk 085
“w «656 26 £ o7
» ) ST 555 AR 27 ~023 mO52
5 S8 20 355 6% =000 =0 ~158 -208
pL] oS
1 #2369
3 et 279 =027 =2 =32 =k =257
7 655 s a0 -t) =22 =25~k
- o347 S w0 =39 =P =Lk =212
-T <083
-0 23
-13 39 =086 wlil =2 =265 =22 17 356
-5 55 123 =C39 J0) =077 =250 =192
-5 o508 <n -153 191
=Tk o2 Bt 025 018 127
~Pele 28 H8) 015 026 —0h -0k =127 ~I1SL -3 ~oTL




NACA RM L55H23

TAJLE XC - PRESGURE CORYFFICZEWTS FOR OONFICURATION NITH FOPWARD-LIOCATED FLAT-WINDEIELD CANGPY - Contimted
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TABLS XVIZI.- FRESSURE COEFFICIENTS FOR CONFIGURATION WITE FORWARD-LOCATED SMALL, FLAT-WINDSHIELD CANCPY - Coatimed
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TABIE XVIL.- PRESSURE CCEFFICIENTS POR COMFIGURATION WITH FORWARD-LOCATED SMALL FLAT-WINDSHIRLD CANOPY - Concluded
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TABLE XVIII.- PRESSURE CORFYIC-ENTS FCR CONFISURATION WITE HEARWARD-LOCATSD SUACYL FLAT-WIOSTTRLY CANCEY
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SEJFE SOECFICIENTS SC% {NFIFURASICY WITIL REAFWA<D-LOCATED SMALL FLAT-W NLCHITLLY CANKTY - Ooutinued
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TAXE X¥IIZ - PRESSUEE COBFFICIENTS POP CCNFIRAATZINN VTN SEADWARC-LICATED SMALL FLAC-WINOGIIZEID CUKAY - Conzizued
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TABLE XVITI.- PRESSURE COEFFICIENTS FOR CONFIGURATION WITH REARWARD-TOCATED SMALL FLAT-WINDSHIEID CANOPY -~ Concluded
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TABLE OF COORDINATES FOR FUSELAGE AND BASIC CANOPY IN FORWARD POSITION

Fuseloge Droop Fuseloge Canopy
Station Major radius  Major radius
xb d R r Xb
1.000 000 10.000
1500 837 418 11.250
2500 135 674 12.500
3750 BI7 969 969 13.750
5000 510 1.237 1.737 15.000
6250 413 1479 2516 16.250
7.500 326 1695 3096 17.500
8750 250 1.885 3175 25.000

Figure l.~ Details of canopy-fuselage model showing round-windshield canopy in the forward loca-

Base plug

2.500
2.500

-12.00 i~

tion. All dimensions are in inches.

c9

—2.5:[ Ellipses
tmﬂghout

— 1.25:1 Ellipses
throughout

¢THGCT WY VOVN



r— 10.00

7.50

20.00

25.00

Point of tfangency

i

=03 to .07

Fuselage
Station,
Xp

000
1500
2500

10.000
11.250

_)
0

x

TABLE OF COORDINATES FOR AFT BASIC  CANOPY

Droop

a2t

Fuselage
Major radius

Base plug
Canopy
Major radius
r Xy d R r

12.500 08l 2.300 3.609
13.750 046 2,388 351
15.000 020 2.450 3370
16.250 005 2480 3.180
17500 000 2500 2970
18.750 000 2500 2.750

1.695 20.000 000 2500 2500

2494 25000 000 2500

3302

3.602

/*2.oo>

——2.75:1 Ellipses
throughout

1.25:} Ellipses
throughout

Figure 2.- Details of canopy-fuselege model showing round-windshield canopy in the rearward loca-
tlon. All dimenslons are in inches.
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64 NACA RM L55H23

4
R
T

Typical section in X-—Y plane

(a) Method of development of flat-faced canopies from basic or round-
faced canopies.

Typical section in X—Y plane

(b) Method of development of vee-faced canopies from basic or round-faced
canopies.
Figure 3.- Method of development of flat and vee-windshield canopies from
the btasic or round-windshield caropy. All dimensions are in inches.
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Point of tangency

25.00

[ 9.69

17.50

—_————

7.5

+—3.75 —

7~Polnts of tangency

¢SHGGT VB VOVN

.05 to .07

i

—— - = .
— Xp [ h j
< 1
— )
TABLE OF DIMENSIONS FOR SMALL CANOPY IN FORWARD  POSITION Note:
Fuseloge Ca Conopy Fuselage  Conopy  Conopy Dimensions from table describe a
i i round—~faced canopy.  Flat-faced
Sh;(non Pr:ﬂe Rﬂ:illll Sto):lon Pro':lla Radius configuration  resulfs from oddition of
b b r :’I:l fmmm hum fiiting fol flrlr :o
3.750 325 352 I1.250 2.500 .733 ¢ supe o manter  similar o
5.000 0935 29 12500 2500 657 that shown in figwe 3
625 1518 706 B30 2500 581
7.50 2088 870 15.000 2.500 504
8750 2427 849 16250 2.500 428
10.000 2,500 809 17.500 2.500 352

Figure 4.- Details of canopy-fuselage model showing small forward-located flat-windshield canopy.
All dimensions are in inches.
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- — — 36 ~ —— —
-Points of tangency

=03 to .07

TABLE OF DIMENSIONS FOR SMALL CANOPY IN AFT POSITION Note:

Fuselage Canopy Canopy Fuselage Can. Canopy ,ofémf?:g“ from '°|'=’|'°, 1’"2‘”

Stfion  Profile  Rodius Statioh  Profié  Rodiug Confiauraticn resalte from - addition of
Xy h r Xp h Y the flot face ond filling to fair to

the bosic shape in a manner similar

7.500 1.395 390 15.000 2773 629 to that shown in figure 3

8.750 1.952 592 16250 2718 574

10.000 2514 72 17.500 2.664 .520

11250 2833 758 19.375 2.582 438

12500 2.882 738 21.250 2500 356

13.750 2.827 683

Figure 5.- Details of canopy-fuselage model showing small rearward-located flat-windshield canopy.
A1l dimensions are in inches.
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(a) Body alone.

Forwad-iocaled  omnopies Reorvaad-iocated  canopies

=13

I~89387

(e) Small flat-windshield configurations.

Figure 6.- Photographs of models.
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Windshield shape

———e———
———-U———-
RS S——
——————

M=14]

Flat
Vee
Round
Flat
Vee
Round
Flat
Filat

" NACA RM L55H23

Canopy size Canopy location
Large Forward
Large Forward
Large Forward
Large Rearward
Large Rearward
Large Rearward
Small Forward
Small Rearward

M=2.0Il

AR LU R 1Y ST A AR O LRI /A Lt

Incremental  drag coefficient, AC
)

410———:75:7—-“"

.ty LT

6 __ -8

.
—

f

it

Sideslip angle, B, deg

Figure T.- Incremental drag coefficients for the several canopy configura-
tioas at various angles of sideslip for
and 6.5°. Tailed symbols are check points.

M= 1.41 and 2.01 and a = 0.4°
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Drag

coefficient, CDA

(3]

VN

o

69
O Large forward-located canopy
T Large rearward-located canopy M=[.4]
# Small forward—located canopy present tesis
w Small rearword—located canopy
Bodies of revolution; M=140; ref. 7
K = Location of station of maximum cross-section area , percent of length
\ o K=30
4~
.eo
- [A) K=.E|2 \\-P K=.27
&\
’|f=.qo =36
K= S~ b—
-_60 —
4 6 8 1@ 12 i4

Fineness ratio

Figure 8.- Incremental drag coefficient Cp A (based on canopy maximum

cross-section area) for flat-windshield canopies compared with drag
coefficients

Cpa

for bodies of revolution having various locations

of maximum diameter (ref. T).
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~e Meridian Windshield  shape
location Elat
-4 S
Amax- - !t 1 = Vee
NARRSS i —_— Round

P

o
|
o,
|

€ A%’ ;

3 b

é P For scheme of meridian location
3 f 3 see sketch in TABLE XI

[&]

)
N/}

Pressure
TN

15° —]

o] //:3 573

0 2 Se=s PlL=g

o 2 4 6 8 10

(a) a = 0.4%; B = 0°.

Figure 9.- Effect of windshield shape on pressure-coefficient distribu-
tions on large forward-located canopies at M = 1.41.
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P

coefficient,

Pressure

Windshield shape

(b) o= 0.4°; = -40.

Figure 9.- Continued.
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Pressure
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Figure 9.~ Continued. |

NACA RM
Windshield shape
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P

coefficient,

Pressure

Windshield shape

Flat
—————— Vee
—_— Round

Meridian
location

Amax / \l—h-'aoo_?

A
AL -
}2\7\"%.
; 30° —
\'/’//
F
,l//__:- 45 _

M

7;{’,'—\r TRl

/,//

' ——"

l/

©o 2 4_6 8 1o
T

(d) a = 6.5 B = 0°.

Figure 9.- Continued.
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P
o

coefficient,

Pressure

Windshield shape

NACA RM L55H23

(e) a=6.5° p=-4o.

Figure 9.- Continued.
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Figure 11.- Effect of windshield shape on pressure-coefficient distribu-
tions on large rearward-located canopies at M = 1l.k1.
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Figure 12.- Effect of windshield shape on pressure-coefficient distribu-
tions on large rearward-located canopies at M = 2.01.
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Figure 17.- Pressure distribution on body alone at M = 1.4l and 2.01
for various angles of attack and 0.3° sideslip.
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Figure 18.- Pressure coefficient contours on one-half the frontal projec-
tions of each of the large forward-located canopies for M = 1.41
and 2.01.
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Figure 19.- Pressure coefficlent contours on one-hali the frontal projec-

tions of each of the large rearward-located canopiles for M = 1.4l
ard 2.01.
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Figure 20.- Pressure coefficient contours on one-half the frontal projec-
tions of each of the small canopy configurations at M = 1.41 and 2.01.
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